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ABSTRACT

Fumigation for nematode management in irrigate@tpoproduction systems of
Idaho is widely practiced. Spatially uniform fumige with large scale soll
injection equipment is the only Ilabeled applicatianethod for 1,3-
dichloropropene. Plant-parasitic nematode specidsibié spatially variable
population densities that provide an opportunity poactice site-specific
fumigation to reduce chemical usage and produatmsts. From 2002 through
2008, 62 commercial potato fields in eastern Idaleoe field tested using geo-
referenced grid soil sampling for plant-parasitnatode population densities. In
total, 4,030 grid samples were collected represgntnearly 3200 ha of
commercial potato production. Collectively, 73% tife grid samples had
Columbia Root Knot (CRN) Meoidogyne chitwoodi) densities below the
detectable limit. Site-specific fumigation is thegtice of varying application rate
of fumigant based on nematode population densigr@he past 3 years, 1200 ha
of potato production has been site-specific funadaor CRN nematode control
in eastern ldaho. On average this practice hadtedsin a 30% reduction in
chemical usage and production cost savings of $180 when 1,3-
dichloropropene is used as the sole-source of rogleasuppression. Further
reductions in usage of 1,3-dichloropropene can exc&0% if used in
combination with another nonfumigant nematicide hsuas oxamyl. This
combination approach can have production cost gavihat exceed $200 fha
Based on farm-gate receipts and USDA inspectioogiged by potato producers,
potato tuber yield and quality have not been adhgraffected using site-specific
fumigation technology.
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INTRODUCTION

Based on crop production statistics for 2006 (USR®@0Q7), Idaho produces
32% by weight and 28% by value ($760 million) dffall potatoes grown in the
United States. Columbia root-knot nematode (CRWBI¢idogyne chitwoodi) is a
significant threat to potato quality in Idaho aie tPacific Northwest. Columbia
root-knot nematodes infect and develop in potateitsi but do not cause yield
loss. CRN cause quality defects such as gallinghensurface and small brown
spots surrounding adult females when peeled (Ingraal., 2007). The external
and internal defects render tubers unacceptablidsih market sales and internal
defects are unacceptable for processing. For dsh fmarket, if 5% of the tubers
in the field show defects the whole field crop dam rejected. For processed
potatoes, if 5 to 15% of the tubers in a field shdefects the whole field crop can
be substantially devalued or rejected. Based or6 3@€lds and prices (USDA,
2007) the average value of potatoes in Idaho waB4$5h&. The rejection of a
potato crop grown on an average 52.6 ha centert giponkler irrigated field
represents a loss of $297,000. Export markets haearo tolerance for CRN and
their presence will result in rejection and retofrthe entire shipment. There is
zero tolerance for CRN in seed potato productiowel. The potential for dire
financial consequences from the presence of CRpbtato tubers is taken very
seriously by producers.

Columbia root-knot nematode can reproduce rapidlywiarm seasons
(Pinkerton et al., 1991). Because of this, it ifficilt to provide accurate
population thresholds for a decision on when tofusggants on a field, or when
to use a less expensive, nonfumigant nematicideals® potential for crop
rejection exists with low population levels at glag, fields with any CRN must
be treated with a pre-plant fumigant, nonfumigaatnaticides, or both. Several
products are available to reduce potato tuber fitiecto acceptable levels
(Ingram et al., 2000). Fumigant nematicides inclligidichloroproperte(1,3-D)
and sodium N-methyldithiocarbamate (metam sodilNopfumigant nematicides
include ethoprop, oxamyl and aldicarb. Use of aglsinnematicide is often
insufficient to limited potato tuber damage to gteéle levels (Ingram et al.,
2007). For improved CRN suppression, use of a coatioin of nematicides is
often practiced, for example 1,3-D with metam sodihas become a potato
industry standard it the Columbia Basin of Oregond Washington (Ingram et al.,
2007).

Spatial dependence of an attribute can be evaluas&tly geostatistical
techniques to quantify the average distance ofapairrelation by direction, and
the variability of measurements separated by dfisthnces (Rossi et al., 1992).
Geostatitical analyses have been used to evalbatepatial dependence of plant-
parasitic nematodes densities within agricultur@ids with the goal to estimate
densities at unsampled location within field boureta(Boag et al., 1996; Evans
et al., 2002; Marshall et al., 1998; Robertson Bretkman, 1995; Wallace and
Hawkins, 1994; Webster and Boag, 1992; Wyse-Pestalr, 2002). When spatial
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dependence in nematode density was found in thadés, spatial correlations
ranged over distances from 1 to 600 m depending npmatode species.

Identification of specific areas within individudlelds for nematicide
application may allow producers to reduce the arhofimematicide applied for
nematode control and lower production costs (Ewdra., 2002). Combination of
the spatially aggregated nature of nematodes,eflagively high cost of fumigant
nematicides, the fact that some growers use meltyges of nematicides on the
same crop and the relatively high crop value ofajmss makes site specific
fumigation appealing from an economics stand polxans et al. (2002)
evaluated the potential of site-specific nematodenagement in potato
production systems in the UK. The nematode of coneeas the potato cyst
nematode (PCN)QGlobodera pallid and G. rostochiensis) which causes yield
reduction but not whole field crop rejection. Thégund that the inverse
relationship between population density before fohgn and rate that PCN
multiply makes it difficult to devise reliable spat nematicide application
procedures, especially when pre-planting populatiensity is just less than the
detection threshold. The spatial dependence foumbticated that the coarse
sampling grids used commercially would likely produmisleading distribution
maps. They concluded that the best recommendatonsite-specific PCN
nematode management was to apply more expensivigdatmnematicides to
“hot-spots” of infestation and treat the whole dielwith less expensive
nonfumigant nematicides to prevent excessive niigéippon of nematodes in
nonfumigated areas of the field.

The success of commercial adoption of site-speadématode management
will require the development of affordable nematdatigtribution maps (Wyse-
Peste et al., 2002). The risk of yield loss will/édo be balanced by substantial
cost savings from reduced chemical applicationthin case of CRN, the risk of
unacceptable levels of control will have to be uaity eliminated due to the
potential economic consequences of potato tubditydafects. Adoption of site-
specific nematode management for CRN in irrigatetéio production systems of
eastern Idaho is being promoted. This paper reportsome of the findings from
that effort.

METHODSAND MATERIALS
Field sites

Plant-parasitic nematode populations (densitiesynely CRN and root
lesion @ratylenchus sp.), were field tested using geo-referenced grid soil
sampling in 62 commercial fields prepared for pofatoduction in eastern Idaho
from 2002 through 2008. Fields were located in @pvBingham, Bonneville,
Jefferson and Fremont counties and ranged in sa@ fl6 to 125 ha. Soils
textures ranged from loamy sand to silt loam. Biewaranged from 1300 to 1530
m.



Sampling

Fields scheduled to be planted to potatoes wetesawipled using a grid soil
sampling system for nematodes in August or Septerabéhe preceding year
following harvest of small grain crop. A squaredgsoil-sampling system was
established within a field using a Trimble AgGP I3GPS receiver for GPS
data collection and Trimble’'s EZ-Map software (Tl Navigation Limited,
Sunnyvale, CA) connected to a portable laptop cdasrpmounted to a vehicle.
The vehicle with GPS equipment was driven arourafibld boundary and the
software generated an image of the field bordethencomputer display. The
software was used to overlay a square grid of sagoints on the field map.
The spacing between grid points ranged from 90%arOwith each grid point
representing a 0.8 to 0.9 ha. Each sample gridt peas located by driving the
vehicle to a specific grid location selected on¢bheputer display.

Soil sampling at each grid-point included 8-10 s@imples where the first
two were collected within 2 m of the grid point aad additional 6 to 8 sall
samples were collected on a 15 m radius at randomnd the grid point. The soil
samples were uniformly mixed and separated as imggessoil sample for each
grid location for nematode analysis. Soil samplesencollected from a 10 to 25
cm soil profile using a shovel. A 250 &mubsample was analyzed for nematode
identification and enumeration by Western Laboiag(Parma, ID). The mobile
stages of all nematodes were extracted from tHaiswig a modified Oostenbrink
elutriator and sieved over a set of 4 sieves. Tortents of each sieve were
combined and collected in a cup. The nematodessaildirom the cup were
separated by means of centrifugal flotation (Jenki®64). Plant-parasitic
nematodes, most notably CRN, root lesiémafylenchus sp.) and stubby root
(Trichodorus and Paratrichodorus spp.), were identified and quantified using
microscopic techniques.

Data Analysis

The spatial distribution of CRN in each field waslkeated by quantifying
the spatial dependence between samples with vanmgusing GS+ version 7
(Gamma Design Software, LLC, Plainwell, MI). The sbefit theoretical
variogram was selected based on the highest cborelaoefficient between
theoretical and omni-directional sample variograihe best fit theoretical
variogram was used with SSToolbox software (SSTv&oe, Stillwater, OK) to
estimate nematode density at unsampled locatiomgy ksiging. The resulting
map was modified manually to reduce risk of unagited CRN population by
adding a buffer area of nematicide application fikat spots” of infestation. The
resulting map was downloaded to either a Raven Vifre (Raven Industries,
Souix Falls, SD) or John Deere Greenstar (Deere &&ngany, Moline, IL)
variable rate control system on custom applicatprigment. The control zone
size for the application map was 0.4 ha square.



Site-Specific Nematode Management Strategies

Site-specific nematode management strategies arsedbaon the
recommendation of Evans et al. (2002) to apply ti@e expensive fumigant
nematicides to “hot-spots” of infestation and tréla¢ whole field with less
expensive nonfumigant nematicides to prevent exeesmultiplication of
nematode. Nematicides used in this study were 1 /3ddam sodium and oxamyl.
Both metam sodium and oxamyl can be applied wittewtdnrough the sprinkler
irrigation system for uniform application or on iéesspecific basis with ground
based application systems. 1,3-D can only be appheough shank injection
using ground-based equipment. Site specific apgbicaof nematicide fumigants
1,3-D and metam sodium was applied in Septembeady October following
nematode grid sampling in the year prior to theafmtcrop. The particular
combination of chemicals used was determined byptbducer. The producer’s
experience with CRN in previous potato crops on fiedd site influenced
chemical selection and application strategy. Fieltere 30% or more of the
sampling grids had CRN detected; metam sodium amgkwas also applied for
nematode control to control risk. Site-specific @aicide application strategies
were as follows.

Site-specific 1,3-D only

Spatially interpolated map locations with estimat€&RN density > 0
(detected) received 1,3-D application. 1,3-D amian rate was 140 L Hafor
CRN density between 0 and 50 juveniles/250° @uil and 188 L ha for
estimated CRN density greater than 50 juveniles/266 soil. The lower
application rate was applied to variable rate aintones bordering sampling
grids with detected CRN.

Site-specific 1,3-D with uniform application of metam sodium or oxamyl

Spatially interpolated map locations with estimat€®N density > 50
juveniles/250 cmsoil received 188 L ha 1,3-D application. 1,3-D was applied
to variable rate control zones bordering samplingsgwith detected CRN > 50
juveniles/250 crh Metam sodium or oxamyl was applied uniformly. Ktat
sodium was applied through the irrigation systerthvan application rate of 280
to 375 L hd in September or early October following sitecifie 1,3-D
application. Oxamyl was applied through the irngatsystem at an application
rate of 5 L hd with initial application based on growing degmays 2 to 4
times during the season on a 14 day interval depgngbon crop history.

Site-specific 1,3-D with site-specific application of metam sodium

Spatially interpolated map locations with estimat€®N density > 50
juveniles/250 cr soil received 188 L K 1,3-D application. 1,3-D was also
applied to variable rate control zones borderinpp@ang grids with detected
CRN > 50 juveniles/250 chat the same rate. Metam sodium was applied ata rat
of 280 to 375 L ha proportional to estimated CRN density to areas n



receiving 1,3-D application. One custom applicdtad the capability to select
between two chemicals as well as variable rateiegmn based on field location.

Input Costs

Chemical costs used in economic analyses were $#32051.30 [* and
$22.00 L* for 1,3-D, metam sodium, and oxamyl, respectiveBosts for
sampling, nematode analysis and mapping were $34a80for 0.9 ha grid
sampling size. Custom uniform nematicide fumiggppli@ation costs were $84
ha® for metam sodium and $99 hdor 1,3-D. Custom site-specific nematicide
fumigant application costs were $84'tfar metam sodium, $109 Hdor 1,3-D
and $134 hd for both. Application costs for injection throughe irrigation
system with water were assumed to be zero sinseisha standard producer
practice.

RESULTSAND DISCUSSION

In total, 4,030 grid samples were collected représg nearly 3200 ha of
sprinkler irrigation commercial potato productioneastern Idaho over a 6-year
period. Seventy three percent of the grid sampées @RN densities below the
detectable limit. Ten percent had detected CRNitleaelow 50 juveniles/250
cm® of soil and 17% had greater CRN densities. Radativconventional uniform
fumigant nematicide application, site-specific fgamt nematicide application
has the potential to reduce environmental chemimatling 73% if fumigant
nematicide could be applied only to grids where atmutes are detected. The
sampled fields are not necessarily statisticalpresentative of CRN distribution
in eastern ldaho since the fields were not randaselgcted, but likely indicate
the potential for wide scale chemical loading reurcin the region.

More than 35% of the fields grid sampled had mb@nt90% of the grid
sample sites with CRN densities below the deteetdbhit (Fig. 1). In
approximately 50% of the grid sampled fields, 70P4rmre of the grid sample
sites had CRN densities below the detectable lifrtius, half or more of the
fields sampled could potentially reduce nematiaide by 70% or more if risk
was not a factor in nematicide use. In approxinya®€l% of the fields sampled,
10% of the grid sample sites had CRN densitiestgreéhan 50 juveniles/250 ém
of soil. Thus, half of the fields sampled had scfmet spots” in CRN density.
Fifty-three percent of the fields grid sampled I&RN densities detected but less
than 50 juveniles/250 chof soil. Nearly all of the fields sampled had I¢isan
40% of the grid sample sites had CRN densities ctidle but less than 50
juveniles/250 cm of soil. Collectively all the fields sampled reles spatial
distributions in detected CRN densities that worddult in reduced fumigant
nematicide use if site specific fumigation techmggiovas used.

1,3-D nematicide loading reductions relative to \ational uniform
fumigant application on fields fumigated using <specific fumigation
technology in the fall of 2007 is shown in tableCh field sites 6 and 8 there was
no reduction in fumigant applied by site-specifopbcation because grid sampled
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Figure 1. Histograms of the percent of samplelddi@ersus percentage of field
grid samples having CRN densities of undetectes]) juveniles/250 crsoil and
> 50 juveniles/250 crsoil (i.e. 35% of fields sampled had undetectedNCR
densities in more than 90% of the grid samples).

CRN densities were relatively high and distributecughout the field area. On
field site 11, grid sampling showed that CRN deesitwere relatively low
throughout the field area without any “hot spotséajer than 50 juveniles/250
cm® of soil. The producer decided to use a uniformliapfion of oxamyl during
the 2008 growing season. Based on farm-gate recampd USDA inspections
provided by potato producers, potato tuber yield gnality of the 2008 crop
were not adversely affected by use of site-speéifivigation technology. Total
volume reduction for the 11 field sites was 38,25&presenting a fumigant cost
savings of $122,422 or $191 haHowever, this is not a true chemical cost
savings as other nonfumigant nematicides were usedeplace fumigant
nematicide not applied.

Nematode control cost savings relative to unifor8+ application at a rate
of 188 L ha on a 55 ha field is shown in table 2. Dependipgn the percent of
area treated with 1,3-D and combination of nend¢giused on other areas of the
field, the cost savings associate with site-speéifimigant nematicide application
can range from $1,200 to $22,000. The $1,200 sawasgociated with 30% 1,3-D
and 100% uniform metam sodium may not be worth rible of CRN tuber
damage unless both fumigants were initially gome applied uniformly. If that
is the case the cost savings would be greaterghawn in table 2. The largest
cost savings occur when less than 30% of the &sdd requires 1,3-D



Table 1. 1,3-D fumigant nematicide use on elevelusiin eastern Idaho where
site-specific fumigation technology was appliedha fall of 2007.

Difference
Average between
Field site Field application Conventional application Volume
identification area rate uniform rate rates reduction
ha L ha L ha' L ha' L
1 47 58.2 188.0 129.8 6,100
2 48 18.8 188.0 169.2 8,122
3 61 144.6 188.0 43.4 2,647
4 52 160.5 188.0 27.5 1,430
5 70 178.3 188.0 9.7 679
6 125 188.0 188.0 0 0
7 55 60.1 188.0 127.9 7,034
8 52 188.0 188.0 0 0
9 55 117.3 188.0 70.7 3,888
10 51 112.6 188.0 75.4 3,845
11 24 0.0 188.0 188 4,512
Total = Avg = Total =
640 111.6 Avg = 76.5 38,257

fumigation, which allow less expensive nonfumigar@maticides to be used
singly on nonfumigated areas of the field. Basedpuoactical experience, site-
specific 1,3-D fumigation alone is not recommendaedfields that have CRN
spatial densities requiring 1,3-D fumigation on md¢inan 30% of the field area.
The cost savings are minimal and the risk of notifating an undetected “hot
spot” is too great. The exception may be when tlea aequiring fumigation is
contiguous and the remainder of the field has Verwy or undetected CRN
densities. Savings increase with lesser percentdgbe field requiring 1,3-D

fumigation, for example 10% of the field area able 2. However, custom
applicators are reluctant or refuse to considdddievith small percentages of
fumigation because they make less money per ditip.se

SUMMARY AND CONCLUSIONS

Plant-parasitic nematode populations (densities)nely CRN and root
lesion, were field tested using geo-referenced gpitlsampling in 62 commercial
fields prepared for potato production in easteahtmfrom 2002 through 2008. In
total, 4,030 grid samples were collected represgntiearly 3200 ha of sprinkler
irrigation commercial potato production over a &ygeriod. Collectively, 73%
of the grid samples had CRN densities below thealable limit. Thus, use of
site-specific fumigant nematicide application hdse tpotential to reduce
environmental chemical loading 73% relative to ami application. Guidelines
for site-specific fumigation in combination with iform nonfumigant nematicide
application for CRN suppression has been devel@met used over the past 3
years on 1200 ha of potato. On average site-spdaifnigation has resulted in a



Table 2. Cost savings from site-specific fumigagraticide application scenarios relative to unifdr@-D application for 55 ha field.

Field area treated

Total Total Site-specific Savings relative to
additional chemical  sampling application conventional uniform
1,3-D nematicide cost cost cost Total cost Unit cost application
$ $ $ $ $ ha $
100% 0% 33,110 $35 5,346 38,491 700
100% oxamyl 2
50%  times 28,655 1,900 2,997 33,552 610 4,938
70% site-specific
30%  metam sodium 26,449 1,900 7,370 35,719 649 2,771
100% oxamyl 2
30%  times 22,033 1,900 1,798 25,731 468 12,759
100% uniform
30%  metam sodium 33,528 1,900 1,798 37,226 677 1,265
30% 0% 9,933 1,900 1,798 13,631 248 24,859
85% site-specific
15%  metam sodium 25,022 1,900 7,370 34,292 623 4,199
100% oxamyl 2
10%  times 15,411 1,900 $600 16,200 295 22,290




30% reduction in chemical usage and production sagings of $180 hawhen
1,3-dichloropropene is used as the sole-sourcespfatode suppression. Further
reductions in usage of 1,3-dichloropropene can exc®0% if used in
combination with another nematicide such as oxaiflyils combination approach
can have production cost savings approaching $200 Based on farm-gate
receipts and USDA inspections provided by potatmdpcers, potato tuber yield
and quality have not been adversely affected usig-specific fumigation
technology.
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